APPENDIX A - HYDROGEOLOGY

BACKGROUND

This memorandum involves evaluating the hydrogeology necessary to create the data sets to build a
groundwater model. Details on how the hydogeologic data sets are translated into model data sets
are discussed in more detail in Appendix B - Modeling.

Available Data
We compiled hydrogeologic data from:

e Existing reports from the U.S. Geological Survey and Colorado Division of Water Resources
(see Sources below);

e Well permit completion reports from 148 registered alluvial wells and 61 permitted
monitoring wells available from the Colorado Department of Water Resources Well database
(CCDWR, 2020); and

e Water level data from monitoring wells located around the NCCI pit provided by J&T
Consulting, Inc.

Figure A1 shows the plotted well data with CCDWR permit number. The well data (Table A1)
includes: PLSS location, depth, yield (gpm), water level when drilled, and depth to bedrock and
saturated aquifer thickness calculated from USGS DEM elevation data and geologic logs (if
available). Most of the CDWR wells are used for domestic water supply, with a few for municipal,
irrigation, stock and monitoring uses. Water well depth to bedrock range from 20 to 73 feet and
average 43 feet, and well yields range from 4 gpm for domestic wells to 2000 gpm for irrigation
wells. The depth to water ranges from 2 to 40 feet and averages 15 feet. The calculated saturated
alluvial thicknesses range from 2 to 50 feet and average approximately 26 feet.

We segregated the water well data from the more recent monitoring well data to see if there was any
difference between older wells and more recent monitoring wells (typically installed around more
recent gravel pit construction, which are more likely affected by dewatering. On average, the depth
to bedrock is 35 feet (8 feet less); the depth to water is 12 ft (3 feet higher); and the saturated aquifer
thickness is 32 ft (6 feet more). Based on this comparison, there is no indication that there has been
any significant dewatering of the aquifer since prior to gravel pit development.

Figure A2 shows the location of nine monitoring wells belonging to NCCI (green), four belonging to
the City of Thornton (orange) and fifteen belonging to LG-Everist (blue) who owns over a dozen
gravel pits located south of the NCCI pit (shaded). Other non-LGE pits also shaded exist north of
the pit. Determining which well permits (Table A1) correspond with pit monitoring wells was not in
the scope of this study.
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HYDROGEOLOGY

Figure A3 shows the surficial geology (Soister, 1965) from the Platteville and Fort Lupton Geologic
Quadrangles. The surficial geology consists recently deposited sand and gravel alluvial deposits
(Qal and Qrg) located adjacent to the SPR river channel and are considered to have relatively high
permeability.  Older terrace alluvium (Qss, Qs, Qrf) borders the younger alluvium outside the
modern floodplain. Together, the floodplain and terrace deposits make up SPR Alluvial Aquifer.
The Little Dry Creek (LDC) alluvial aquifer consists mostly of alluvial sand and silt (Qss) with
narrow band of Qal adjacent to LDC. The lack of Qal beneath LDC implies a relative lower
permeability.  The alluvial aquifer is bounded by the relatively low permeability Laramie and
Dawson bedrock formations. Minor windblown eolian sand (Qes) and loess (Ql) deposits overly
both bedrock and stream alluvium and contribute precipitation recharge directly to the SPR and LDC
alluvial aquifers.

Predevelopment Water Table Map

We used our steady state groundwater model to create a representative pre-development water table
surface. The water table is strongly controlled by the elevation of the SPR and LDC as described in
Appendix B — Modeling. Figure A4 shows how the model results closely match predevelopment
contours produced by the USGS (Robson, 2003) along with the available data from the State’s
database (CDWR, 2020). The steady state water table was directly used to:

e Calculate the aquifer saturated thickness discussed below;

e Determine long-term impacts caused by various pit groups; and

e Used as input into the transient groundwater model (discussed below) to evaluate seasonal
conditions and estimate perimeter drain flow.

Groundwater flows perpendicular to the contours and general toward the river. The contours show
that the water table generally flows from the northwest to the southeast across the model area at a
gradient controlled by the river. Overall, the water table drops from an elevation of approximately
4920 feet to elevation 4830 ft (90 ft) from south to north. A steeper gradient (closer contours)
comes from the west through lower permeability terrace deposits.
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Top of Bedrock Elevation

Figure A5 shows the calculated top of bedrock elevations calculated by subtracting the depth to
bedrock reported in well logs obtained from the State’s well database. The calculated values are
typically within 5 feet of the contours derived from the SPDSS groundwater model.

Aquifer Saturated Thickness

Figure A6 shows saturated aquifer thicknesses values where well logs are available in the CDWR
database. The value is calculated by subtracting the depth to “bedrock,” from the reported depth to
water. Greater than (>) signs are used as prefixes for shallow wells that were not drilled deep enough
to encounter “bedrock”. The saturated thickness contours were obtained by subtracting the bedrock
surface elevation of model cells (Figure AS) from the steady state model heads (Figure A4). The
contours show that the saturated aquifer thickness around the NCCI pit ranges from 30 to
approximately 35 feet deep and is generally the same beyond the SPR.

Aquifer Permeability /Hydraulic Conductivity (K)

Aquifer properties were chosen with guidance from values published in the South Platte
Decision Support System (SPDSS) groundwater model (CDM-Smith, 2006). The SPDSS used
contoured K values increasing from west to east across the alluvial aquifer. In the southern study
area, the K of the LDC alluvium progressively increases from 350 ft/day to 550 ft/day beneath the
SPR. In the northern study area near the NCCI pit, the K of the SPR alluvium increases from
approximately 550 ft/day to 600 ft/day toward the SPR. We initially used a uniform value of K =
550 ft/day for most of the alluvium with a saturated aquifer thickness greater than 20 ft, but lowered
that to a uniform K = 350 ft/day during calibration of the transient model. Calibration also led us to
lower K to 200 ft/day along the west edge of the alluvium (terrace areas) and to 50 ft/day for the
eolian areas to the west of the alluvial aquifer. For the transient model, we set specific yield (Sy) =
0.20 and found that it worked well for the transient calibration. Figure A7 shows the K values used
in the transient model.

REFERENCES

References are included in the main body of the report.
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Appendix A - Figures

McGrane Water Engineering, LLC
1669 Apple Valley Rd. ® Lyons, CO 80540 ® Phone: (303) 917-1247 Page A-4 of A-15

E-Mail: dennis@mcgranewater.com Web: http://www.mcgranewaterengineering.com



Figure A1
Study Area with DWR Wells
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Sources:
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Close-Up of NCCI Monitoring Wells
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Figure A2
Monitoring Wells

NCCI Pit
Weld County, Colorado

Sources:

CDSS Well Permit Database 06.07.2020, J&T Consulting
MWY/Pit Location Drawings, NHD (photorevised), ESRI
World Imagery (2018)
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Figure A5 - Bedrock Elevation
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Figure A6
Aquifer Saturated Thickness
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Figure A7
Transient Model
Hydraulic Conducitivity
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Table A1 - CDWR Wells (Page 1 of 4)
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